Excessive presence of micas not only complicates workability during placement but also creates a pop-out failure. Smith and Collis (1993) identified main factors influencing aggregate behaviour in various operational and environmental conditions, and concluded that, 'the performance of aggregates depends upon their intrinsic properties i.e. the particle shape, grading, composition and their physical and mechanical properties'. Galloway (1994) classified the surface texture of aggregate as glassy, smooth, granular, rough, crystalline, and honeycombed. For the best workability, a smooth surface is most desirable, however, for the best bond between aggregate and cement paste, and also for optimum strength, the rough-textured particles are preferred (CCAA, 2007; CCAA, 2008; Dumitru et al., 2015) . Therefore, study of physical and textural properties of fine aggregates are very important to evaluate their usefulness in various constructional activities. The main objectives of the present study are to analyse the physical and textural properties of fine aggregates and to evaluate their potential uses in general masonry, plastering, rendering, and floor screeding.
LOCATION AND DESCRIPTION OF THE STUDY AREA
The study sites lie within the longitude 84°52'31.01''E to latitude 28°13'31.01''N and longitude 84°09'06.28''E to latitude 27°33'84.46"N (Fig.1) along the stretch of the Budhi Gandaki-Narayani River. The topography of the study area covers two major physiographic divisions, the hills and valley floor. Towards north the topography of the study area is characterized by steep rouged dissected landforms with high relief, steep slope ridge, rugged terrain, covered by forest. But in south, topography is completely different, dominated by flood plain areas, alluvial fans and terraces. The river channels are small and narrow with valley on the mountainous terrain while in the plain, the channels widen and water depth becomes the Nawalparsi District at the west from the Chitwan District at the east. Most of the sites are linked with the Prithvi Rajmarga and the Narayanghat-Muglin Highway, and the north of the study area is accessible through feeder roads.
GEOLOGICAL SETTING
The study area almost comprises of the Midland Group (Fig. 2) . The Midland Group is divisible into the Lakharpata shallow showing the characteristic of meandering. In the northern area (Macchakholagau), the Budi Gandaki River flows along the Border line between the Gorkha and the Dhading Districts. Along the downstream course, the Budhi Gandaki River meets the Trishuli River at Benighat. Further downstream, the Marshyandi River merges with the Trishuli River at Muglin, and the Seti and the Kali Gandaki Rivers merge with the Trishuli River, respectively at Devghat and Gaindakot, and the merge out mainstem river becomes the Narayani River. The confluence of the Rapati River and the Narayani River in Meghauli separates Most dominant formation observed in the field was the Ranimatta Formation. The Budhi Gandaki River flows, throughout the Ranimatta Formation, composed of greenish grey gritty phyllite, gritstone with conglomerate and white massive quartzite, is mostly exposed along the banks of the river. In the downstream portion of the river at Borlang, the Naudanda Formation consists of white, massive, and fine-to medium-grained quartzite. Further south, the Sangram Formation consists of black, dark grey to greenish grey shale with intercalation of limestone and quartzite. The Syangja Formation consists of white pale orange or purple calcareous quartzite and quartzitic limestone intercalated with dark grey purple and green shale with strongly ripple marked quartzite at the base. The Larkharpata Formation is composed of fine-grained, bluish grey limestone and dolomite with thin intercalation of grey shales, pink dolomitic limestone, purple quartzite and green shale at the top. The Galyang Formation consists of black to grey carbonaceous slates and green shale. Further south the Syangja Formation and the Middle Siwaliks are separated by the Main Boundary Thrust, and are distinguished by the variation in lithological change from metamorphic to sedimentary rocks in Narayangadh and Meghauli (DMG, 1987) . The Middle Siwaliks are underlain by the Lower Siwaliks in further south of the area. The Lower Siwaliks consist of finegrained, grey sandstones interblended with purple and brown shale, nodular maroon clays and pseudo conglomerate. Mediumto coarse-grained sandstones, pebbly sandstone, and occasionally fine-grained sandstone and conglomerate are observed in the Middle Siwaliks. The Quaternary alluvial deposits of boulder, gravel and clay are distinctly observed in Meghauli, which is a confluence of the Rapati River and the Narayani River.
MATERIAL AND METHODS
About 700 grams of sample were collected from 21 sampling sites along the stretch of the river from the Macchakholagau to Meghauli (Table 1) for further lab analysis of composition, texture and physical properties.
Samples were washed and dried in oven for 24 hours at constant temperature 70°C. After that they were stained for feldspars (Tamrakar, 2011b) . Then the grain mounts of sample were visualized under the binocular stereomicroscope for composition. Deleterious material was calculated by following the designation IS 2688 (1977) Deleterious material (%) = (W1+W2+W3+W4)/WT Where, W1 is mass of clay lump, W2 is mass of shale, W3 is mass of wood fragment, W4 is mass of coal and WT is total dry mass.
Dichromate oxidation method was used to determine the organic content. This method was first introduced by Walkey and Black in 1934 , and later revised by Walkey in 1935 (BS 1377 , 1975 . About 5 grams of air-dried sample was mixed with 10 ml potassium dichromate 1N solution and 10 ml sulphuric acid then left for cooling half hour. After that, 200 ml distilled water and 10 ml orthophospheric acid was added with 1 ml Where, A = Weight of oven dried sample, and B =Weight of the saturated surface-dry (SSD) sample.
Specific gravity (SG) is a mass of a given substance divided by unit mass of an equal volume of water. Depending on the moisture condition, specific gravity can be oven dried, or saturated surface-dry. Apparent specific gravity (ASG) is defined as the ratio of density of the particles to the density of the water.
Dry specific gravity =A/(B+S-C) SSD specific gravity = S/(S-C-B) Apparent specific gravity = A/(A-C-B)
Dry density = [A/(B+S-C)]. Density of water
Where, A is mass of dry sand, B is mass of pycnometer filled with water, S is mass of saturated surface dry, C is mass of pycnometer filled with water and sand.
RESULTS

Composition
The fine aggregates retained on specific sieves (Table  2) were used for compositional analysis. The fine aggregates from river contain different types of rock fragments. In all sampling location, quartz is the most dominant mineral varying from 51 to 61 % (Table 3) . Quartz grains of river ranged from sub angular to sub rounded. Fine aggregates were mainly composed of quartz, feldspar, rock fragment, mica and other heavy minerals. From the Macchakholagau to Meghauli, there is slightly variation in composition (Fig. 3) . The quartz content indicator NaF. Finally, titration was done adding 0.5 ml ferrous sulphate and 0.5 ml potassium dichromate by changing the color from blue to green.
Organic matter = [{(B-T) N}/M] 0.76
where, B is the amount of ferrous sulphate required in blank titration, T is the amount of ferrous sulphate required in sample titration, N is the strength of ferrous sulphate required in blank titration (0.5N) and M is the amount of sample taken.
Designation ASTM C136-06 (2006) was followed for sieve analysis. Firstly, the fine aggregates were dried and then sieved. Fineness modulus of the sample was also calculated to determine the coarseness and fineness of the sample. To calculate the fineness modulus (FM), the sum of the cumulative percentage retained on a specified set of sieves was determined, and the obtained result was divided by 100.
The shape of the constituents of fine aggregates was assessed by visual estimation of roundness.
where, mi is the mid value of each of the six roundness classes, fi is the frequency observed in each class and F is the total frequency of grains observed.
The physical properties such as dry density, specific gravity and water absorption was determined following the designation ASTM C127 (2001). Samples were immersed in water for 24 hours, then surface dried, weighed and percentage absorption relative to dry was calculated.
Water Absorption (%) = [(B-A) / A] x 100
Table 2: Weight of sample retained on specified sieve fluctuates and finally diminishes downstream. Similarly, the content of mica percentage (13.77% to 20.02%) is in increasing trend. Percentage Mica is very low at the source of the river but it is continuously increasing towards south. Likewise, the percentage of feldspar ranges from 8% to 10%. Total average rocks fragments of metamorphic, igneous and sedimentary are also present in the range from 3.28% to 4.21% (Table 3) . Heavy minerals like iron, garnet and tourmaline are mostly present (2% to 4%) in the northern sites. The percentage of wood fragment varies from 1.15% in Macchakholagau to 5.50% in Meghauli, Chitwan. While travelling downstream, dominantly light minerals are carried by the river.
Deleterious materials
Deleterious constituents are listed in Table 4 . Silts and clay (passing from 0.075 mm) are considered as the fine materials. The presence of fines in excessive amount is not good for the construction purpose. The percent fines present in the sample range from 1.02 % to 24.0 % (Table 4 ). Location 20 (Table 4) has the highest percent of fines among the whole sampling location. The excessive fines prevent bonding between cement and aggregates. According to ASTM C33-03, fines percentage limit up to 7 % is good for constructional purpose. Similarly, the mica present in the sample range 13.77% to 20.02 % ( Table   4 ). Presence of mica in sand affects the strength and bonding with cement (Fookers and Revie, 1982) and brings the problem known to occur with surface finishes related to 'shelling out' (particle popping out). High mica content tends to absorb water in the mixture of sand and cement. British Standard Institution The presence of organic material in the aggregate will decrease the durability and strength of mortar and concrete by increasing the water demand and reducing the strength bond between aggregates. Organic matter is in upward trend with increasing the distance from the source of origin of river. The Minimum and maximum percentage of organic matter present is in sampling location L1 and L21 respectively which is 0.57% at the Machhakholagau and 1.11% at Meghauli.
Most of the organic matter in river comes from the deteriorated material in the water and surrounding shore. Organic matter content varies from 0.57 to 1.11%. It tends to increase along the downstream course of the Budhi Gandaki-Narayani River (Fig. 5) . This is perhaps due to the human settlement, agricultural practice, mixing of waste drainage directly into the river and decay of plants and vegetation.
Gradation and Shape Analysis
The fineness modulus of fine material should lie between 2.3 and 3.1 (ASTM C33, 1994) . A small number indicates a fine grading whereas large number indicates a coarse grading. Here, the fineness modulus of the sampling location ranged from 1.36 to 3.50. Fine aggregates near the source of the Budhi Gandaki River have least roundness and sphericity (Table 5 ). The gradation curve of the respective sampling location is tallied with the upper and lower limit of the different designation specified by BS 1299 (1984) and BS 1199 (1986) .The curves show different nature. In some sampling locations, fine aggregates are excellent for plastering, while in the other sampling locations, fine aggregates are good for rendering and floor screeding.
For the general purpose of sand for mortar, gradation curve of the fine aggregates of every location fall within the recommended range of the upper and the lower limits as per designation of BS 1299 (1984) (Fig. 6) . Similarly, for floor screeding (Fig. 7) , the gradation curve of the sample locations; L2, L3, L6, L7, L8, L10, L11, L15, L16, L18, L19, and L20 (BSI) recommends avoiding sands with more than 8% mica (BSI, 1973) . Wood fragments varies from 1.15 to 5.59%. The overall trends of presence of fines, mica and wood fragment are shown in Fig. 4 . Increasing trends shown by variation of mica and wood fragments are well explained by increase in downstream distance of the river. The nature of data and trend line shows that, the larger the distance travels by river towards south, greater the amount of deleterious material. Regarding suitability of the gradation curves for rendering as designation by BS 1199 (1976), most of the curves of the samples L1, L2, L3, L7, L8, L9, L15, L16, L17, L18, L19, and L21 are smooth and lie within the recommended envelop (Fig.  8) . Plastering is intended to conceal unevenness in the background and to provide a beautiful finishing that is smooth, crack free, hygienic, resistance to damage and easily decorative. The gradation curves (Fig. 9 ) of fine aggregate from locations L4, L5, L6, L7, L8, L9, L10, L11, L13, L14, L17, L19, L20, and L21 lie within the acceptable limit envelop for plastering when complying with BS 1199 (1986).
Specific gravity, density and water absorption
The dry specific gravity of the entire aggregates sample ranges between 1.40 to 1.89 (Table 6 ) and the dry density ranges from 1.39 gm/cm³ to 1.79 gm/cm³. Similarly, the water absorption (WA) of fine aggregates ranges from 0.47 % to 2.87 %. Higher the porosity is, the greater the water absorption. Water absorption is directly proportional to the porosity of the aggregates. Here, sampling location L10 and L20 have the maximum water absorption value. The fine aggregates show low effective porosity therefore there is wide possibility of applicability of these aggregates in construction.
EVALUATION OF FINE AGGREGATES
Gradation curve of fine aggregates consists of both poorly graded and well graded particles (Table 7) . Well graded performance is better than poorly graded sand because poorly graded sands have more void space. Most of the samples belong to dense graded and remaining are well and uniform graded. There is a slightly variation of uses of sand as fine aggregates. Sands from some sampling locations are good for plastering while others are good for screeding, and rendering. For general purpose mortar, sands from all most all the sampling locations lie within the limit range expect for some sites (Table 7) , and can give good performance in all construction activities.
Compositional analysis shows that quartz (>50%) is the most dominate mineral. Similarly, heavy mineral like garnet, iron oxides, tourmaline, etc. are also present. Mica shows a remarkable amount ranging from 13.77 % to 20.02%. Mica is friable and flaky, and therefore its amount should not be above 5% as other deleterious material like clay lump, shale, and friable material. Higher amounts of organic matter and other deleterious materials are observed towards the downstream portion of the river. While using such area for sands for mortars and concrete, special treatment like beneficiation must be carried out for durability and better finishing.
The dry specific gravity, dry density and water absorption of samples range respectively from 1.40 to 1.89, 1.39 gm/cm³ to 1.79 gm/cm³, and 0.47 % to 2.87 %. (Table 6 ). Based on dry density, the upstream few samples (L1 to L4) are usable for heavy as well as normal structures. The samples L5 to L18 are suitable for normal structure mortars and concrete. The samples L19 to L21 at downstream portions of the river are suitable for light weight structures. The WAV most of the sediments sample Table 5 : Result of Gradation and shape analyses of the fine aggregates from the Budhi Gandaki-Narayani River is below 2 % which is less than standard 3 %. According to the specification of BS 812-2 (1995), WA should be < 3 % for overall uses of aggregates. AASHTO T 85 (1982) specifies WA < 5% for the general-purpose mortar and concrete, but ASTM C 127 (2001) has specified that this should be < 2.5% for fine aggregates to be used for concrete and within 3% for tilter media.
After performing different compositional and textural analyses and physical tests, fine aggregates of the Budhi GandakiNarayani River are in overall good for plastering, rendering and floor screeding.
CONCLUSIONS
The following conclusions can be drawn out from the present study:
1.The study of the fine aggregates from the Budhi Gandaki-Narayani River shows that the fine aggregates are dominated by quartz (51-61%) and subordinated by rock fragments (marble, meta-sandstone, schist, granite, gneiss, etc.) and other minor mineral constituents from the Himalayan rocks and sediments.
2.Mineral grains are sub-rounded to sub-angular with rough to smooth surface texture so the workability of fine aggregates is good in view of textural attribute. The degree of particles roundness and sphericity both tend to increase with transport distance.
3.Fineness modulus indicates that, very fine to coarse grain particle sizes are widely exposed along the river. The Gradation of fine aggregates shows, mostly uniform and gap graded while some are dense graded. Uniform to gap graded aggregates require blending for good results in structures.
4.The trend of presence of deleterious materials such as mica, clay lump, wood fragment, shale, and organic matter as well as carbon percentage is continuously increasing towards southern plane. Removing deleterious constituents by benefication and blending for gap graded aggregates are recommended.
5.The Budhi Gandaki-Narayani River carries light to heavy sediments, and therefore can be used in any constructional purpose from light to heavy engineering design.
6.The Budhi Gandaki-Narayani River is a good source of sand for constructional purpose like general purpose, plastering, rendering and screeding. In light of purpose of use, the suitable sample sites can be as given below: a. For general purpose: Sands from locations L1 (Macchakholagau), L3 (Arukhet bazar), L4 (Arughat 
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